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FIG. 16A
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Patterning{photo mask}

FIG. 16C

FIG.16D

After removing a sacrificial layer{Wet)
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LIQUID CRYSTAL DISPLAY AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from and the benefit of
Korean Patent Application No. 10-2013-0000769, filed on
Jan. 3, 2013, which is incorporated by reference for all pur-
poses as if set forth herein.

BACKGROUND

1. Field

Exemplary embodiments relate to display technology, and
more particularly, to a liquid crystal display including a liquid
crystal layer formed in a microcavity and a manufacturing
method thereof.

2. Discussion

Conventional liquid crystal displays typically include two
panels with field generating electrodes, such as a pixel elec-
trode, a common electrode, and the like, formed thereon, and
a liquid crystal layer disposed therebetween.

To facilitate the display of images, an electric field is typi-
cally imposed on the liquid crystal layer by applying voltage
to the field generating electrodes. This orients the liquid crys-
tal molecules of the liquid crystal layer and controls polariza-
tion of incident light.

Liquid crystal displays including an embedded microcav-
ity (EM) structure (or nanocrystal structure) are display
devices manufactured by forming a sacrificial layer with a
photoresist, removing the sacrificial layer after forming a
support member thereon, and filling liquid crystal in a void (or
empty space, cavity, etc.) formed as a result of the sacrificial
layer being removed.

It is noted, however, that a side wall of conventional EM
structures is usually tapered, and this portion is typically
covered by a light blocking member to, for instance, decrease
the aperture ratio of the corresponding display device. That s,
a side wall of the EM structure usually includes a structure
being tapered at an angle, and since light leakage may occur
in the liquid crystal layer disposed in the EM structure due to
a cell gap being different from other portions thereof, the
region is usually covered by a light blocking member. This
causes the aperture ratio to be reduced.

Also, when an organic layer is used as a sacrificial layer, the
formation of the organic layer may undesirably affect (or
otherwise change) the surrounding layers by, for instance,
heat (or some other processing characteristic) associated with
one or more processing steps. Further, a portion where the
organic layer is not removed from the void may result. As a
result, liquid crystal material may not be sufficiently injected
in the void, which may adversely influence display quality of
the corresponding display device.

Therefore, there is a need for an approach that provides
efficient, cost effective techniques to provide a display device
including an EM structure formed without using an organic
sacrificial layer.

The above information disclosed in this Background sec-
tion is only for enhancement of understanding of the back-
ground of the invention, and therefore, it may contain infor-
mation that does not form the prior art that is already known
in this country to a person of ordinary skill in the art.

SUMMARY

Exemplary embodiments provide a liquid crystal display
including liquid crystal disposed in a microcavity formed
without using an organic sacrificial layer.
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Exemplary embodiments provide a method to manufacture
the above-noted liquid display device.

Additional aspects will be set forth in the detailed descrip-
tion which follows and, in part, will be apparent from the
disclosure, or may be learned by practice of the invention.

According to exemplary embodiments, a method,
includes: forming, on a substrate of a display device, a sacri-
ficial layer including a material, the material including at least
one of amorphous carbon, a metal, and an inorganic material;
forming a layer covering the sacrificial layer; forming an
injection hole exposing the sacrificial layer; removing, via the
injection hole, the sacrificial layer to form a microcavity; and
disposing liquid crystal in the microcavity.

According to exemplary embodiments, a liquid crystal dis-
play, includes: a is substrate; and a microcavity layer disposed
on the substrate, the microcavity layer including a plurality of
microcavities. At least one of the plurality of microcavities
includes: a side surface angled at 80° to 100° with respect to
the substrate, a pixel electrode disposed therein, and liquid
crystal disposed therein.

According to exemplary embodiments, since the sacrificial
layer comprises at least one of amorphous carbon, metal, or
an inorganic material, formation of the sacrificial layer may
not undesirably affect other surrounding layers by, for
example, heat (or some other processing characteristic) asso-
ciated with one or more manufacturing processes. To this end,
removal of the sacrificial layer is substantially easy, and dete-
rioration of display quality of a corresponding display device
associated with injecting liquid crystal into the microcavity
may be prevented (or otherwise reduced). Further, since the
slope of the side wall is approximately vertical, an area to be
covered by, for instance, a light blocking member may be
reduced, which increases an aperture ratio of the correspond-
ing display device.

The foregoing general description and the following
detailed description are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
exemplary embodiments of the invention, and together with
the description serve to explain the principles of the inven-
tion.

FIG. 1 is a layout view of a display device, according to
exemplary embodiments.

FIG. 2 is a cross-sectional view of the display device of
FIG. 1 taken along sectional line II-I1, according to exemplary
embodiments.

FIG. 3 is a cross-sectional view of the display device of
FIG. 1 taken along sectional line III-II1, according to exem-
plary embodiments.

FIGS. 4-6 are respective plan views ofthe display device of
FIG. 1 at various stages of manufacture, according to exem-
plary embodiments.

FIG. 7A is a plan view of the display device of FIG. 1 at
another stage of manufacture, according to exemplary
embodiments.

FIG. 7B is a cross-sectional view of the display device of
FIG. 7A, according to exemplary embodiments.

FIG. 8A is a plan view of the display device of FIG. 1 at
another stage of manufacture, according to exemplary
embodiments.
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FIG. 8B is a cross-sectional view of the display device of
FIG. 8A, according to exemplary embodiments.

FIGS. 9A-9D illustrate the display device of FIG. 1 at
another stage of the manufacturing process, according to
exemplary embodiments.

FIGS. 10A-10D illustrate the display device of FIG. 1 at
another stage of the manufacturing process, according to
exemplary embodiments.

FIGS. 11A-11D illustrate the display device of FIG. 1 at
another stage of the manufacturing process, according to
exemplary embodiments.

FIGS. 12A-12D illustrate the display device of FIG. 1 at
another stage of the manufacturing process, according to
exemplary embodiments.

FIGS. 13A-13E illustrate the display device of FIG. 1 at
various stages of the manufacturing process, according to
exemplary embodiments.

FIGS. 14A-14D illustrate a process of forming a sacrificial
layer including amorphous carbon and removing the sacrifi-
cial layer to form a microcavity, according to exemplary
embodiments.

FIG. 15 is a cross-sectional view of a display device,
according to exemplary embodiments.

FIGS. 16A-16D illustrate a process of forming a sacrificial
layer including metal and removing the sacrificial layer to
form a microcavity, according to exemplary embodiments.

FIGS. 17-20 respectively illustrate relations between a
transparent electrode and a metal sacrificial layer, according
to exemplary embodiments.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

In the following description, for the purposes of explana-
tion, numerous specific details are set forth in orderto provide
a thorough understanding of various exemplary embodi-
ments. It is apparent, however, that various exemplary
embodiments may be practiced without these specific details
or with one or more equivalent arrangements. In other
instances, well-known structures and devices are shown in
block diagram form in order to avoid unnecessarily obscuring
various exemplary embodiments.

In the accompanying figures, the size and relative sizes of
layers, films, panels, regions, etc., may be exaggerated for
clarity and descriptive purposes. Also, like reference numer-
als denote like elements.

When an element or layer is referred to as being “on,”
“connected to,” or “coupled to” another element or layer, it
may be directly on, connected to, or coupled to the other
element or layer or intervening elements or layers may be
present. When, however, an element or layer is referred to as
being “directly on,” “directly connected to,” or “directly
coupled to” another element or layer, there are no intervening
elements or layers present. For the purposes of this disclosure,
“at least one of X, Y, and Z”” and “at least one selected from the
group consisting of X,Y, and Z” may be construed as X only,
Y only, Z only, or any combination of two or more ot X, Y, and
Z, such as, for instance, XYZ, XYY, YZ, and ZZ. Like num-
bers refer to like elements throughout. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

Although the terms first, second, etc. may be used herein to
describe various elements, components, regions, layers and/
or sections, these elements, components, regions, layers and/
or sections should not be limited by these terms. These terms
are used to distinguish one element, component, region, layer
or section from another region, layer or section. Thus, a first
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4

element, component, region, layer or section discussed below
could be termed a second element, component, region, layer
or section without departing from the teachings of the present
disclosure.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper,” and/or the like, may be used herein
for descriptive purposes, and thereby, to describe one element
or feature’s relationship to another element(s) or feature(s) as
illustrated in the drawings. Spatially relative terms are
intended to encompass different orientations of an apparatus
in use or operation in addition to the orientation depicted in
the drawings. For example, if the apparatus in the drawings is
turned over, elements described as “below” or “beneath”
other elements or features would then be oriented “above” the
other elements or features. Thus, the exemplary term “below”
can encompass both an orientation of above and below. Fur-
thermore, the apparatus may be otherwise oriented (e.g.,
rotated 90 degrees or at other orientations), and as such, the
spatially relative descriptors used herein interpreted accord-
ingly.

The terminology used herein is for the purpose of describ-
ing particular embodiments and is not intended to be limiting.
As used herein, the singular forms “a,” “an,” and “the” are
intended to include the plural forms as well, unless the con-
text clearly indicates otherwise. Moreover, the terms “com-
prises” and/or “comprising,” when used in this specification,
specify the presence of stated features, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

Various exemplary embodiments are described herein with
reference to sectional illustrations that are schematic illustra-
tions of idealized exemplary embodiments and/or intermedi-
ate structures. As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing tech-
niques and/or tolerances, are to be expected. Thus, exemplary
embodiments disclosed herein should not be construed as
limited to the particular illustrated shapes of regions, but are
to include deviations in shapes that result from, for instance,
manufacturing. For example, an implanted region illustrated
as a rectangle will, typically, have rounded or curved features
and/or a gradient of implant concentration at its edges rather
than a binary change from implanted to non-implanted
region. Likewise, a buried region formed by implantation
may result in some implantation in the region between the
buried region and the surface through which the implantation
takes place. Thus, the regions illustrated in the drawings are
schematic in nature and their shapes are not intended to illus-
trate the actual shape of a region of a device and are not
intended to be limiting.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this disclosure is a part. Terms, such as those defined in
commonly used dictionaries, should be interpreted as having
a meaning that is consistent with their meaning in the context
of'the relevant art and will not be interpreted in an idealized or
overly formal sense, unless expressly so defined herein.

While exemplary embodiments are described in associa-
tion with liquid crystal display devices, it is contemplated that
exemplary embodiments may be utilized in association with
other or equivalent display devices, such as various self-
emissive and/or non-self-emissive display technologies. For
instance, self-emissive display devices may include organic
light emitting displays (OLED), plasma display panels
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(PDP), etc., whereas non-self-emissive display devices may
include electrophoretic displays (EPD), electrowetting dis-
plays (EWD), and/or the like.

FIG.1is alayout view of a display, according to exemplary
embodiments. FIG. 2 is a cross-sectional view of the display
device of FIG. 1 taken along sectional line II-1I. FIG. 3 is a
cross-sectional view of the display device of FIG. 1 taken
along sectional line ITI-III.

A gateline 121 and a storage voltage line 131 are formed on
an insulation substrate 110 made of any suitable material,
such as, for example, transparent glass, plastic, and/or the
like. The gate line 121 includes a first gate electrode 124q, a
second gate electrode 1245, and a third gate electrode 124c.
The storage voltage line 131 includes storage electrodes 135a
and 1355, and a protrusion 134 protruding in a direction
parallel (or substantially parallel) to the storage electrode
135a. The structure of the storage electrodes 1354 and 1355
surrounds a first subpixel electrode 192/ and a second sub-
pixel electrode 192/ of an adjacent (or previous) pixel. A
horizontal portion 13556 of the storage electrode may be a wire
connected to a horizontal portion 13556 of an adjacent (or
previous) pixel, which may not be separated from each other.

A gate insulating layer 140 is formed on the gate line 121
and the storage voltage line 131. A semiconductor 151 posi-
tioned below a data line 171, a semiconductor 155 positioned
below source/drain electrodes, and a semiconductor 154 posi-
tioned at a channel portion of a thin film transistor are formed
on the gate insulating layer 140.

A plurality of ohmic contacts (not shown) may be formed
on each of the semiconductors 151, 154, and 155, as well as
disposed between the data line 171 and the source/drain elec-
trodes 173a-c/175a-c.

Data conductors 171, 173¢, 175a, 1755, and 175¢ are
formed on each of the semiconductors 151, 154, and 155 and
the gate insulating layer 140. The data conductors 171, 173c¢,
175a, 175b, and 175¢, include a plurality of data lines 171,
which include a first source electrode 173a and a second
source electrode 1735, a first drain electrode 1754, a second
drain electrode 17554, a third source electrode 173¢, and a
third drain electrode 175c¢.

The first gate electrode 124a, the first source electrode
173a, and the first drain electrode 1754 form a first thin film
transistor together with the semiconductor 154. A channel of
the first thin film transistor is formed at the semiconductor
portion 154 between the first source electrode 1734 and the
first drain electrode 1754. Similarly, the second gate electrode
1245, the second source electrode 1735, and the second drain
electrode 1756 form a second thin film transistor together
with the semiconductor 154. A channel of the second thin film
transistor is formed at the semiconductor portion 154
between the second source electrode 1736 and the second
drain electrode 1755. The third gate electrode 124c¢, the third
source electrode 173¢, and the third drain electrode 175¢ form
a third thin film transistor together with the semiconductor
154. A channel of the third thin film transistor is formed at the
semiconductor portion 154 between the third source elec-
trode 173¢ and the third drain electrode 175¢.

According to exemplary embodiments, the structure of the
data line 171 includes a width that becomes smaller in a
forming region of the third thin film transistor in the vicinity
of an extension 175¢' of the third drain electrode 175¢. The
aforementioned structure of the data line 171 maintains an
interval with adjacent wiring, as well as reduces signal inter-
ference. Itis contemplated, however, that the aforementioned
structure of the data 171 may be additionally or alternatively
formed.
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A first passivation layer 180 is formed on the data conduc-
tors 171, 173a, 173b, 173¢, 175a, 175b, and 175¢ and an
exposed portion of the semiconductor 154. The first passiva-
tion layer 180 may include any suitable material, e.g., an
inorganic insulator, such as, for example, silicon nitride
(SiNx), silicon oxide (SiOx), etc. Additionally or alterna-
tively, the first passivation layer 180 may include an organic
insulator.

Color filters 230 and 230' are formed on the passivation
layer 180. Color filters 230 of the same color are formed in
adjacent pixels that are adjacent in a vertical direction (e.g., a
direction parallel to data line 171). Color filters 230 and 230"
of different colors are formed in adjacent pixels that are
adjacent in a horizontal direction (e.g., a direction parallel to
gate line 121). It is contemplated that color filters 230 and
230' may overlap respective portions of the data line 171. The
color filters 230 and 230' may be configured to facilitate the
display of at least one color, such as one of the primary colors,
e.g., red, green, and blue. However, it is also contemplated
that the color filters 230 and 230" may facilitate the display of
any other suitable color, such as cyan, magenta, yellow, and
white colors. It is noted that color filters 230 and 230" may be
collectively referred to as color filter 230.

A light blocking member (or black matrix) 220 is formed
on the color filter 230 and 230'. According to exemplary
embodiments, the light blocking member 220 may include
any suitable material through which light is not transmitted.
Further, the light blocking member 220 is formed with respect
to a region (also referred to as a transistor formation region)
where the gate line 121, the thin film transistor, and the data
line 171 are formed. The light blocking member 220 forms a
lattice structure including an opening corresponding to a
region where an image is displayed. As such, a color filter
(e.g., color filter 230), a pixel electrode (e.g., pixel electrode
192), and a liquid crystal layer (e.g., liquid crystal layer 3) are
positioned at least in the opening of the light blocking mem-
ber 220.

A second passivation layer 185 is disposed on the light
blocking member 220 and the color filters 230 and 230', so as
to cover the light blocking member 220 and the color filters
230 and 230'. According to exemplary embodiments, the
second passivation layer 185 may include any suitable mate-
rial, such as, for example, an inorganic insulator, e.g., silicon
nitride (SiNx), silicon oxide (SiOx), etc., or an organic insu-
lator. Unlike as shown in FIGS. 2 and 3, when a step associ-
ated with a difference in thicknesses occurs between the color
filters 230 and 230' and the light blocking member 220, the
second passivation layer 185 including, for instance, an
organic insulator may reduce (or otherwise remove) the step.

A first contact hole (or via) 186a and a second contact hole
(or via) 18654 respectively expose the first drain electrode
1754 and extensions 1755' of the second drain electrode 1755.
In this manner, the first contact hole 186a and the second
contract hole 18654 are formed through the color filter 230, the
light blocking member 220, and the passivation layers 180
and 185. Further, a third contacthole (or via) 186¢ exposes the
protrusion 134 of the storage voltage line 131 and the exten-
sion 175¢" of the third drain electrode 175¢. In this manner,
the third contact hole 186¢ is formed through the color filter
230, the light blocking member 220, and the passivation
layers 180 and 185.

According to exemplary embodiments, the light blocking
member 220 and the color filter 230 include the contact holes
186a, 1865, and 186¢ extending therethrough. In this manner,
the formation (e.g., etching) of the contact holes 1864, 1865,
186¢ may be difficult due to material differences between the
light blocking member 220 and the color filter 230, as com-
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pared to the materials of the passivation layers 180 and 185.
As such, the light blocking member 220 and/or the color filter
230 may be removed (e.g., etched) at positions corresponding
to the contact holes 1864, 1865, and 186¢ before the contact
holes 1864, 1865, and 186¢ are formed.

According to exemplary embodiments, the contact holes
186a, 1865, and 186¢ may be formed by changing a position
of the light blocking member 220 and etching only the color
filter 230 and the passivation layers 180 and 185.

A pixel electrode 192, including the first subpixel electrode
192/ and the second subpixel electrode 192/, is formed on the
second passivation layer 185. The pixel electrode 192 may be
made of any suitable material, such as, for example, a trans-
parent conductive material, e.g., aluminum zinc oxide
(AZ0), gallium zinc oxide (GZO), indium tin oxide (ITO),
indium zinc oxide (IZO), etc. It is also contemplated that one
or more conductive polymers (ICP) may be utilized, such as,
for example, polyaniline, poly(3,4-ethylenedioxythiophene)
poly(styrenesulfonate) (PEDOT:PSS), etc.

The first subpixel electrode 192/ and the second subpixel
electrode 192/ are adjacent to each other in a column (e.g.,
vertical) direction (e.g., a direction parallel to the extension of
data line 171). First and second subpixel electrodes 192/ and
192/ include an entirely quadrangular shape, and a cross stem
configuring a transverse stem and a longitudinal stem cross-
ing the transverse stem. Further, the first subpixel electrode
192/ and the second subpixel electrode 192/ may be divided
into four subregions by the transverse stem and the longitu-
dinal stem. In this manner, each subregion may include a
plurality of minute branches. While exemplary embodiments
are described herein in association with the aforementioned
configuration of subpixel electrodes 192/ and 192/, it is also
contemplated that first and second subpixel electrodes 192/
and 192/ may be otherwise configured.

According to exemplary embodiments, the minute
branches of the first subpixel electrode 192/ and the second
subpixel electrode 192/ form angles of about 40 degrees to 45
degrees with the gate line 121 or the transverse stem. Further,
the minute branches of two adjacent subregions may be per-
pendicular to each other. In other words, the minute branches
of four adjacently disposed subregions may converge (or
diverge) from a central portion of a corresponding subpixel,
e.g., a central portion where the transverse stem and longitu-
dinal stem cross one another. Further, while not illustrated, a
width of each (or some) of the minute branches may become
gradually larger (or smaller) and/or intervals between the, or
some of the, minute branches may be different from each
other.

In exemplary embodiments, the first subpixel electrode
192/ and the second subpixel electrode 192/ are physically
and electrically connected with the first drain electrode 175a
and the second drain electrode 1755 through the first and
second contact holes 186a and 18654. As such, the first and
second subpixel electrodes 192/ and 192/ receive data volt-
ages from the first drain electrode 1754 and the second drain
electrode 1755, respectively.

A connecting member 194 electrically connects the exten-
sion 175¢' of the third drain electrode 175¢ and the protrusion
134 of the storage voltage line 131 through the third contact
hole 186¢. As a result, some of the data voltage applied to the
second drain electrode 1755 may be divided through the third
source electrode 173¢. As such, the magnitude of a voltage
applied to the second subpixel electrode 192/ may be smaller
than the magnitude of a voltage applied to the first subpixel
electrode 192/.
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According to exemplary embodiments, an area of the sec-
ond subpixel electrode 192/ may be the same or up to double
an area of the first subpixel electrode 192/.

An opening (not shown) may be configured to collect gas
discharged from the color filter 230 and an overcoat (not
illustrated) covering the corresponding opening with the
same material as the pixel electrode 192 may be formed on the
second passivation layer 185. The opening and the overcoat
may be utilized to block gas discharged from the color filter
230, which blocks the gas from being transferred to another
element. It is noted that the opening and the overcoat may not
be included in exemplary embodiments.

The liquid crystal layer 3 is formed on the second passiva-
tion layer 185 and the pixel electrode 192. A space where the
liquid crystal layer 3 is positioned is referred to as a micro-
cavity layer. The microcavity layer is supported by an over-
lying roof layer 360. In exemplary embodiments, the micro-
cavity layer includes a plurality of microcavities (e.g.
microcavity 305 illustrated in FIGS. 13C-13E), each micro-
cavity corresponding to a pixel of the display device. In this
manner, each ofthe microcavities includes liquid crystal mol-
ecules 310, as will become more apparent below. In this
manner, however, it is noted that the liquid crystal layer 3 is
formed in the microcavities, such as microcavity 305.

As seen in FIGS. 13C-13E, an upper surface of the micro-
cavity 305 is (or is substantially) a horizontal surface. A side
surface of the microcavity 305 is angled at 80 degrees to 100
degrees with respect to a surface of the substrate 110. In this
manner, the side surface is (or is substantially) vertical. As
seenin FIG. 2, the angle (0) at which the side surface is angled
forms a tapered structure including an angle of more than 80
degrees to an angle ofless than 90 degrees. As seenin FIG. 15,
the angle (8") at which the side surface is angled forms a
reverse tapered structure including an angle of more than 90
degrees to an angle of less than 100 degrees.

According to exemplary embodiments, the microcavity
305 may include the approximately vertical structure, as the
sacrificial layer used to form the microcavity 305 is not
formed of an organic layer, but is formed from at least one of
amorphous carbon, a metal, and an inorganic material. In
contrast, when the sacrificial layer is formed of an organic
material, the pattern of the organic material typically includes
aside surface inclined at an angle of less than 45 degrees, such
that an area occupied by the side surface is relatively larger.
As such, a corresponding horizontal area covered by the light
blocking member 220 is relatively larger, which reduces the
aperture ratio of a corresponding display device. According to
exemplary embodiments, however, the sacrificial layer is
formed of at least one of amorphous carbon, metal, and an
inorganic material, i.e., not an organic material, and as such,
a side surface of the microcavity 305 may be included with
respect to a surface of the substrate 110 at an angle of 90 £10
degrees. In this manner, the horizontal area associated with
the side surface is relatively smaller, and as such, the aperture
ratio may be increased in the corresponding display device.

As previously noted, the liquid crystal layer 3 is formed in
the microcavity 305. An alignment layer (not shown) may be
formed in the microcavity 305 to align liquid crystal mol-
ecules 310 disposed in the microcavity 305. The alignment
layer may include any suitable material, such as, for example,
polyamic acid, polysiloxane, polyimide, etc.

Theliquid crystal molecules 310 are initially aligned by the
alignment layer, and the alignment direction thereof is
changed according to an applied electric field imposed, at
least in part, by way of pixel electrode 192. A height (or
thickness) of the liquid crystal layer 3 corresponds to a height
(or thickness) of the microcavity 305. The liquid crystal layer
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3 disposed in a microcavity (e.g. microcavity 305) is also
referred to as a nanocrystal layer 3.

In exemplary embodiments, a portion of the microcavity
layer is opened to form an injection hole 307. As such, the
liquid crystal molecules 310 may be injected into the micro-
cavity 305 by way of a capillary force. In this manner, the
alignment layer may also be formed by capillary force. The
injection hole 307 may be sealed by a capping layer 390 after
the alignment layer and the liquid crystal molecules 310 are
injected into the microcavity 305.

A common electrode 270 is positioned on the second pas-
sivation layer 185 and the pixel electrode 192, as well as
disposed above the liquid crystal layer 3. A portion of the
structure of the common electrode 270 extends along the
upper surface of the microcavity 305. Another portion of the
structure of the common electrode 307 extends along the side
surface of the microcavity 305. In this manner, the horizontal
portion of the common electrode 370 may extend in (or sub-
stantially in) the same direction as the gate line 121. The
another portion of the structure of the common electrode 270
extends towards insulation substrate 110 along the side sur-
face of microcavity 305 so as to be close to (e.g., extend
towards) and above the data line 171. Further, the common
electrode 270 may not be formed in a portion where the
injection hole 307 is formed (e.g., not formed in a region
where the transistor is formed). According to exemplary
embodiments, the common electrode 270 may be horizon-
tally maintained above the microcavity 305 because the com-
mon electrode 270 may be supported by a roof layer 360,
which is described in more detail below.

According to exemplary embodiments, a plurality of com-
mon electrodes 270 may be formed separately from each
other with respect to injection hole 307. As such, the plurality
of common electrodes 270 may be formed with an interval
therebetween, e.g., the plurality of common electrodes 370
may be spaced apart from one another.

The common electrode 270 may include any suitable trans-
parent conductive material, such as, for example, AZO, GZO,
ITO, 170, etc. It is also contemplated that the common elec-
trode 270 may be formed from one or more conductive poly-
mers, e.g., polyaniline, PEDOT:PSS, etc. According to exem-
plary embodiments, the common electrode 270 may serve to
generate an electric field together with the pixel electrode
192, and thereby, configured to control an alignment direction
of the liquid crystal molecules 310.

Asseenin FIG. 2, alower insulating layer 350 is formed on
the common electrode 270. In exemplary embodiments, the
lower insulating layer 350 may include any suitable material,
such as, for example, an inorganic insulating material, e.g.,
silicon nitride (SiNx), silicon oxide (SiOx), etc.

The roof layer 360 is formed on the lower insulating layer
350. The roof layer 360 may serve to support a space (micro-
cavity) to be formed between the pixel electrode 192 and the
common electrode 270. In exemplary embodiments, the roof
layer 360 may be formed of an organic insulating material.

An upper insulating layer 370 is formed on the roof layer
360. The upper insulating layer 370 may include any suitable
inorganic insulating material, e.g., SiNx, SiOx, etc.

The lower insulating layer 350, the roof layer 360, and the
upper insulating layer 370 may include the injection hole 307
positioned on one side surface (e.g., formed in a portion
corresponding to the transistor formation region), to enable
liquid crystal to be injected into the microcavity 305. The
injection hole 307 may be used even when removing the
sacrificial layer (not shown) for forming the microcavity 305.
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According to exemplary embodiments, the lower insulat-
ing layer 350 and the upper insulating layer 370 may be
omitted.

A capping layer 390 may be formed on the upper insulating
layer 370 to, for instance, seal the injection hole 307. In
exemplary embodiments, the injection hole 307 is sealed by
the capping layer 390, which prevents the liquid crystal mol-
ecules 310 from leaking therefrom. As shown in FIGS. 2 and
3, the capping layer 390 may be formed throughout the entire
region of the display device, and according to exemplary
embodiments, the capping layer 390 may only be formed on
and near the injection hole 307. The upper surface formed
with the capping layer 390 may be horizontal, e.g., parallel or
substantially parallel to the lower surface of the insulation
substrate 110.

Corresponding polarizers (not shown) may be respectively
positioned under the insulation substrate 110 and on the cap-
ping layer 390. The polarizers may include a polarization
element for polarization and a tri-acetyl-cellulose (TAC)
layer for ensuring durability. According to exemplary
embodiments, directions of the transmissive axes of the polar-
izer disposed on the capping layer 390 and the polarizer
disposed below the insulation substrate 110 may be perpen-
dicular or parallel to each other.

An exemplary process to manufacture the display is
described in more detail with reference to FIGS. 4-13.

FIGS. 4-13 are respective cross-sectional views of the dis-
play device of FIG. 1 during a process of manufacturing the
display device of FIG. 1, according to exemplary embodi-
ments.

FIG. 4 is a layout view of the display device of FIG.1 ata
first stage of the manufacturing process, according to exem-
plary embodiments.

Referring to FIG. 4, the gate line 121 and the storage
voltage line 131 are formed on the insulation substrate 110
made of, for instance, transparent glass, plastic, and/or the
like. The gate line 121 and the storage voltage line 131 may be
formed of the same material, as well as formed together with
the same mask. As previously described, the gate line 121
includes a first gate electrode 1244, a second gate electrode
12454, and a third gate electrode 124c, and the storage voltage
line 131 includes storage electrodes 135a and 1355, as well as
includes a protrusion 134 protruding in a direction parallel (or
substantially parallel) to the storage electrode 1354. Advert-
ing momentarily to FIG. 1, the structure of the storage elec-
trodes 135a¢ and 1356 surrounds a first subpixel electrode
192/ and a second subpixel electrode 192/ of an adjacent (or
previous) pixel. A gate voltage is applied to the gate line 121
and a storage voltage is applied to the storage voltage line
131. As such, the gate line 121 and the storage voltage line
131 are separated from each other. The storage voltage may
include a constant voltage level or may include a swing (or
otherwise variable) voltage level.

In exemplary embodiments, a gate insulating layer 140
covering the gate line 121 and the storage voltage line 131 is
formed on the gate line 121 and the storage voltage line 131.

In second and third stages of the manufacturing process,
semiconductors 151, 154, and 155, a data line 171, and
source/drain electrodes 173a, 1735, 173¢, 175a, 175b, and
175¢ are formed on the gate insulating layer 140.

FIG. 5 is a layout view of the display device of FIG.1 ata
second stage of the manufacturing process, according to
exemplary embodiments. FIG. 6 is a layout view of the dis-
play device of FIG. 2 at a third stage of the manufacturing
process, according to exemplary embodiments. It is noted that
FIG. 5 includes semiconductors 151, 154, and 155 being
formed, whereas FIG. 6 includes the data line 171 and the



US 9,285,621 B2

11

source/drain electrodes 173a, 1735, 173¢, 175a, 175b, and
175¢ being formed. According to exemplary embodiments,
however, the semiconductors 151, 154, and 155, the data line
171, and the source/drain electrodes 173a, 1735, 173¢, 175a,
1755, and 175¢ may be formed together, as described below.

For instance, a material for the semiconductors 151, 154,
and 155 and a material for the data line 171/the source elec-
trodes 173a,1735b, and 173¢/the drain electrodes 175a, 1755,
and 175¢ may be deposited (e.g., sequentially deposited). In
this manner, two patterns may be formed together via an
exposure, developing, and etching process by using a mask
(e.g., a slit mask or transflective mask). In order for the
semiconductor 154 positioned at the channel part of the first
thin film transistor to not be etched, the corresponding portion
is exposed through the slit or transflective region of the mask.
While only one exposure, developing, and etching process
has been described, it is also contemplated that multiple expo-
sure, developing, and etching processes may be utilized.

A plurality of ohmic contacts (not shown) may be formed
on the respective semiconductors 151, 154, and 155 and
between the data line 171 and the source/drain electrodes
173a, 1735, 173¢, 175a, 175b, and 175c¢.

Further, the first passivation layer 180 is formed on all of
the data conductors 171, 173a, 1735, 173¢, 175a, 175b, and
175¢ and the exposed portion of the semiconductor 154. As
previously noted, the first passivation layer 180 may include
any suitable inorganic insulator, such as SiNx, SiOx, etc.,
and/or an organic insulator.

FIGS. 7A and 7B illustrate the display device of FIG. 1 at
a fourth stage of the manufacturing process, according to
exemplary embodiments. It is noted that FIG. 7B is a cross-
sectional view of the plan view illustrated in FIG. 7A taken
along sectional line I1-1I illustrated in the plan view of FIG. 1

As seen in FIGS. 7A and 7B, a color filter 230 and a light
blocking member 220 are formed on the first passivation layer
180. Accordingly, it is noted that FIG. 7A provides a layout
view, whereas FIG. 7B provides a cross-sectional view, show-
ing the color filter 230 and the light blocking member 220
after one or more processing steps, e.g., after one or more
exposure and etching steps.

When forming the color filter 230 and the light blocking
member 220, the color filter 230 may be formed before the
light blocking member 220. The color filters 230 of the same
color may be formed in adjacent pixels that are adjacent in a
vertical direction (e.g., a direction parallel to data line 171).
As previously described, the color filters 230 and 230' includ-
ing different colors may be formed in adjacent pixels that are
adjacent in a horizontal direction (e.g., a direction parallel to
gate line 121). In this manner, exposing, developing, and
etching processes may be performed for each color filter 230.
A display device including three primary colors may form the
color filter 230, and thereby, may be formed via three expos-
ing, developing, and etching processes. In this manner, the
color filter 230", which is formed on the data line 171 and
positioned at a lower portion, may be formed before the color
filter 230, which is formed at an upper portion. As such, the
color filter 230" and the color filter 230 may be overlapped
with each other.

According to exemplary embodiments, the color filter 230
may be removed in those positions (or regions) where the
first, second, and third contact holes 1864, 1865, and 186¢ are
to be formed during an etching process of the color filter 230.

Further, the light blocking member 220 is formed on the
color filter 230. As previously noted, the light blocking mem-
ber 220 may include any suitable non-transmissive material.
Referring to an oblique portion (illustrating the light blocking
member 220) of FIG. 7A, the light blocking member 220 is
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formed in a lattice structure including an opening correspond-
ing to a region where an image is displayed. As such, the color
filter (e.g., color filter 230) is formed at least in the opening.

According to exemplary embodiments, the light blocking
member 220 includes a portion formed in a horizontal direc-
tion, e.g., a portion formed in a transistor formation region
associated with the gate line 121, the storage voltage line 131,
and the various thin film transistors, as well as includes a
portion formed in a vertical direction, e.g., a portion formed in
a region associated with the data line 171, each of which is
illustrated in FIG. 7A.

FIGS. 8A and 8B illustrate the display device of FIG. 1 at
a fifth stage of the manufacturing process, according to exem-
plary embodiments. It is noted that FIG. 8B is a cross-sec-
tional view of the plan view illustrated in FIG. 8 A taken along
sectional line II-II illustrated in the plan view of FIG. 1.

Referring to FIGS. 8 A and 8B, the second passivation layer
185 is formed on the color filter 230 and the light blocking
member 220. As previously mentioned, the second passiva-
tion layer 185 may include any suitable material, such as, for
example, an inorganic insulator, e.g., SiNx, SiOx, etc., or an
organic insulator.

As such, the first contact hole 1864 and the second contact
hole 1865 exposing the first drain electrode 175a and the
extension 1754 of the second drain electrode 1755, respec-
tively, are formed in the color filter 230, the light blocking
member 220, and the passivation layers 180 and 185. Further,
in the color filter 230, the light blocking member 220, and the
passivation layers 180 and 185, the third contact hole 186¢
may be formed to expose the protrusion 134 of the storage
voltage line 131 and the extension 175¢' of the third drain
electrode 175c¢.

According to exemplary embodiments, the pixel electrode
192 may be formed including the first subpixel electrode 192/
and the second subpixel electrode 192/ on the second passi-
vation layer 185. In this manner, the pixel electrode 192 may
be made of any suitable transparent conductive material, such
as, for instance, AZO, GZ0O, ITO, 170, etc. Further, it is noted
that the first subpixel electrode 192/ and the second subpixel
electrode 192/ are physically and electrically connected with
the first drain electrode 175a and the second drain electrode
1756 through the first and second contact holes 186a and
1864, respectively. Further, the connecting member 194 that
electrically connects the extension 175¢' of the third drain
electrode 175¢ and the protrusion 134 of the storage voltage
line 131 through the third contact hole 186¢ may be formed.
As such, a part of the data voltage applied to the second drain
electrode 17556 may be divided through the third source elec-
trode 173¢. In this manner, the magnitude of the voltage
applied to the second subpixel electrode 192/ may be smaller
than the magnitude of the voltage applied to the first subpixel
electrode 192/.

FIGS. 9A-9D illustrate the display device of FIG. 1 at a
sixth stage of the manufacturing process, according to exem-
plary embodiments. It is noted that FIGS. 9C and 9D are
cross-sectional views of the plan view illustrated in FIG. 9A
taken along sectional lines I1-1T and ITI-II1, which are respec-
tively illustrated in the plan view of FIG. 1. Further, FIG. 9B
is a perspective view of a portion of the display device of FIG.
1, according to exemplary embodiments.

As seen in FIGS. 9A-9D, a sacrificial layer 300 may be
formed, upon which the common electrode 270 is sequen-
tially formed. The sacrificial layer 300 and the common elec-
trode 270 may be formed by, for example, the following
illustrative process.

The formation process of the sacrificial layer 300 is
described first. Amorphous carbon, metal, or an inorganic
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material is deposited on all or a portion of the then existing
surface of the display device including the second passivation
layer 185 and the pixel electrode 192. The deposited material
corresponding to the sacrificial layer is etched to form the
structure of the sacrificial layer 300. Since the material for the
sacrificial layer 300 may be at least one of the amorphous
carbon, the metal, or the inorganic material, it is noted that
different etch methods or etchants may be used based on the
material utilized to form the sacrificial layer 300. As shown in
FIG. 9A, the sacrificial layer 300 longitudinally extends par-
allel (or substantially parallel) to the longitudinally extending
direction of the data line 171. In this manner, the sacrificial
layer 300 may be elongated according to adjacent pixels that
are vertically adjacent to each other.

According to exemplary embodiments, the sacrificial layer
3001is formed so that it is not formed on the dataline 171, such
as seen in FIG. 9C.

As previously described, the sacrificial layer 300 is not
formed of an organic material, such as a photoresist (PR)
material, and as such, a side surface of the sacrificial material
disposed near the data line 171 may be angled at 90+10
degrees, which is (or is substantially) a vertical structure.

According to exemplary embodiments, the sacrificial layer
300 is covered with a transparent conductive material, e.g.,
AZ0, GZO, ITO, 170, etc., which is deposited to form a
common electrode 270. In this manner, the common electrode
270 is positioned on the upper surface and the side surface of
the sacrificial layer 300. Further, the common electrode 270
longitudinally extends along the upper surface and the side
surface of the sacrificial layer 300. In other words, the longi-
tudinally extending direction of the common electrode 270
may be parallel (or substantially parallel) to the longitudinal
direction in which the gate line 121 extends.

FIGS. 10A-10D illustrate the display device of FIG. 1 ata
seventh stage of the manufacturing process, according to
exemplary embodiments. It is noted that FIGS. 10C and 10D
are cross-sectional views of the plan view illustrated in FIG.
10A taken along sectional lines II-II and III-III, which are
respectively illustrated in the plan view of FIG. 1. Further,
FIG. 10B is a perspective view of a portion of the display
device of FIG. 1, according to exemplary embodiments.

As shown in FIGS. 10A-10D, a lower insulating layer 350
including, for instance, an inorganic insulating material, such
as SiNx, SiOx, etc., is formed on the common electrode 270
to cover the common electrode 270.

FIGS. 11A-11D illustrate the display device of FIG. 1 atan
eighth stage of the manufacturing process, according to
exemplary embodiments. It is noted that FIGS. 11C and 11D
are cross-sectional views of the plan view illustrated in FIG.
11A taken along sectional lines II-II and III-III, which are
respectively illustrated in the plan view of FIG. 1. Further,
FIG. 11B is a perspective view of a portion of the display
device of FIG. 1, according to exemplary embodiments.

Referring to FIGS. 11A-11D, the roof layer 360 is formed
on at least a portion of the lower insulating layer 350. As
previously noted, the roof layer 360 may contain any suitable
material, such as an organic material. Further, the roof layer
360 is not formed in a region at which injection hole 307 is to
be formed, which may also be referred to as a “injection hole
open region.” As seen in FIG. 11A, the injection hole open
region is formed to correspond to the aforementioned thin
film transistor formation region, and thereby, is formed
including a structure longitudinally extending parallel (or
substantially parallel) to a longitudinal direction of the gate
line 121. Further, since the roof layer 360 is not formed in the
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injection hole open region, which is illustrated in FIG. 11D,
the lower insulating layer 350 is exposed in the injection hole
open region.

According to exemplary embodiments, the roof layer 360
is formed by, for instance, depositing a material for forming
the roof layer including an organic material on the entire
surface of the lower insulating layer 350. In this manner, the
deposited material may be exposed and developed using a
mask. As such, the material disposed in association with the
region corresponding to the injection hole open region may be
removed, thereby forming the roof layer 360. It is noted that
the lower insulating layer 350 formed below the roof layer
360 in the injection hole open region is not etched but
exposed. Accordingly, in the injection hole open region, the
common electrode 270 and the lower insulating layer 350 are
formed on the sacrificial layer 300, such that in the other
regions, the sacrificial layer 300, the common electrode 270,
the lower insulating layer 350, and the roof layer 360 are
formed.

FIGS. 12A-12D illustrate the display device of FIG. 1 ata
ninth stage of the manufacturing process, according to exem-
plary embodiments. It is noted that FIGS. 12C and 12D are
cross-sectional views of the plan view illustrated in FIG. 12A
taken along sectional lines I1-1T and ITI-II1, which are respec-
tively illustrated in the plan view of FIG. 1. Further, FIG. 12B
is a perspective view of a portion of the display device of FIG.
1, according to exemplary embodiments.

As illustrated in FIGS. 12A-12D, a material for an upper
insulating layer 370, which may include, for instance, an
inorganic insulating material, such as SiNx, SiOx, etc., is
deposited on all or at least a portion of the then existing
surface of the display device.

FIGS. 13A-13E illustrate the display device of FIG. 1 ata
tenth and eleventh stage of the manufacturing process,
according to exemplary embodiments. It is noted that FIGS.
13D and 13E are cross-sectional views of the plan view illus-
trated in FIG. 13 A taken along sectional lines II-1I and ITI-I1I,
which are respectively illustrated in the plan view of FIG. 1.
It is noted that FIGS. 13A, 13D, and 13E correspond to the
eleventh stage of the above-noted manufacturing process.
Further, FIGS. 13B and 13C are perspective views of a por-
tion of the display device of FIG. 1 respectively at the tenth
and eleventh stages, according to exemplary embodiments.

As illustrated in FIGS. 13 A and 13B, the injection hole 307
is formed by patterning (e.g., etching) one or more layers
disposed in association with the injection hole open region.

More specifically, the lower insulating layer 350 and the
upper insulating layer 370 are etched in the injection hole
open region of the upper insulating layer 370 and the lower
insulating layer 350. In this manner, the common electrode
270 remains disposed in the injection hole open region. As
illustrated in FIG. 13B, the common electrode 270 formed in
the injection hole open region is then etched to expose the
sacrificial layer 300. According to exemplary embodiments,
it is noted that the lower insulating layer 350, the upper
insulating layer 370, and the common electrode 270 may be
etched by the same etch process.

To etch the injection hole open region, a photoresist PR
layer is formed, and the photoresist PR layer disposed in
association with the injection hole open region is removed to
form a photoresist pattern. In this manner, the injection hole
307 is etched according to the photoresist pattern. As such, in
the injection hole open region, the materials associated with
upper insulating layer 370, lower insulating layer 350, and the
common electrode 270 are etched, such that a layer disposed
below the sacrificial layer 300 is not etched. According to
exemplary embodiments, a part of the sacrificial layer 300
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may be etched or not etched in association with the etching of
the upper insulating layer 370, lower insulating layer 350, and
the common electrode 270. As previously noted, depending
on the formation of the sacrificial layer 300, the process of
etching the injection hole open region may be performed via
dry etching or wet etching.

Referring to FIGS. 13B-13E, the exposed sacrificial layer
300 shown in FIG. 13B is removed as seen in FIGS. 13C-13E.
In exemplary embodiments, the sacrificial layer 300 is not
formed of an organic material, but of, for instance, amorphous
carbon, metal, and/or an inorganic material, such that a wet
etch or a dry etch may be utilized to remove the sacrificial
layer 300 depending on the material utilized.

According to exemplary embodiments, the photoresist pat-
tern layer formed to etch the injection hole open region may
be removed using a separate photoresist stripper.

In this manner, and with reference to FIGS. 2 and 3, an
alignment layer (not illustrated) and/or the liquid crystal mol-
ecules 310 are injected in the microcavity 305 by way of, for
instance, a capillary force.

A capping layer 390 is formed to seal the injection hole
307, and thereby, to prevent liquid crystal molecules 310 from
leaking outside the microcavity 305.

According to exemplary embodiments, the lower insulat-
ing layer 350 and the upper insulating layer 370 may be
omitted.

While not illustrated, a process of attaching a respective
polarizer (not illustrated) below the insulation substrate 110
and on the upper insulating layer 370 may also be performed.
As previously noted, the polarizers may include any suitable
polarization element for polarization and a TAC layer to
facilitate durability. According to exemplary embodiments,
directions of the transmissive axes of the polarizer disposed
on the capping layer 390 and the polarizer disposed below the
insulation substrate 110 may be perpendicular or parallel to
each other.

According to exemplary embodiments, the sacrificial layer
300 is not formed of an organic material, but instead, includes
at least one of the amorphous carbon, the metal, and the
inorganic material. As such, a side surface of the microcavity
305 may be angled at 9010 degrees with respect to the
insulation substrate 110, and thereby, may form a (or substan-
tially a) vertical surface. As previously mentioned, if liquid
crystal molecules 310 are not sufficiently injected at the side
surface of the microcavity 305 or the cell gap is relatively
wide, light leakage may become an issue, such that a light
blocking member 220 may be utilized to thwart such issues.
However, according to exemplary embodiments, the side wall
of microcavities 305 are sufficiently vertical with respect to
the insulation substrate 110 (e.g., angled at 90+10 degrees),
such that the horizontal area corresponding to the cell gap
may be relative more narrow, and a wider opening area to
inject liquid crystal molecules 310 may be obtained.

As described above, to form the side wall portions of the
microcavity region 305 with an angle of 90+£10 degrees, the
sacrificial layer 300 is not made of an organic material, but
various other materials may be utilized, such amorphous car-
bon, metal, and/or an inorganic material. Accordingly, forma-
tion of the sacrificial layer 300 using one or more of amor-
phous carbon, metal, and an inorganic material is described in
more detail in association with FIGS. 14-16.

FIGS. 14A-14D illustrate a process of forming a sacrificial
layer including amorphous carbon and removing the sacrifi-
cial layer to form a microcavity, according to exemplary
embodiments.

As shown in FIG. 14A, after forming an underlying struc-
ture including the pixel electrode 192, a material 300" utilized
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to form the sacrificial layer (e.g., a material including amor-
phous carbon) is deposited at least on a portion of the under-
lying structure corresponding to where the microcavity 305 is
to be formed.

Referring to FIG. 14B, the material 300" including amor-
phous carbon is etched to form a pattern corresponding to the
sacrificial layer 300. When etching the material 300", a pho-
toresist pattern is formed on the material 300", and the mate-
rial 300' is dry-etched utilizing the photoresist pattern as a
mask. Inthis manner, the sacrificial layer 300 including amor-
phous carbon is formed.

According to exemplary embodiments, a common elec-
trode 270 is formed on the sacrificial layer 300, and then a
lower insulating layer 350, a roof layer 360, and an upper
insulating layer 370 are deposited on the common electrode
270. As seen in FIG. 14C, only the lower insulating layer 350
is shown and the other overlying layers are omitted.

In exemplary embodiments, an injection hole 307 is
formed to expose a portion of the sacrificial layer 300. As
such, the sacrificial layer 300 is removed to form a microcav-
ity 305, as seen in FIG. 14D. It is noted that the sacrificial
layer 300 may be removed by dry etching the sacrificial layer
300.

It is noted that when an organic material is utilized to form
the sacrificial layer, the organic material is typically formed
utilizing a baking process, such that a characteristic of the
other surrounding layers may be undesirably affected (or
otherwise changed) due to, for example, heat associated with
the baking process. It is also noted that, when applying a
plasma deposition process, the sacrificial layer made of an
organic material may not be entirely wet-etched, such that at
least some of the sacrificial layer may remain.

According to exemplary embodiments, however, forma-
tion of the sacrificial layer 300 including amorphous carbon
does not undesirably affect (or otherwise change) the charac-
teristics of the other surrounding layers, and the sacrificial
layer 300 may be entirely removed via the dry etch process,
such that a side surface thereof may be sharply formed.

It is noted that the side surface of the sacrificial layer 300
including amorphous carbon may include a reverse taper
structure, such as illustrated in FIG. 15.

FIG. 15 is a cross-sectional view of a display device,
according to exemplary embodiments.

It is noted that the cross-sectional view of FIG. 15 is taken
along sectional line II-1I illustrated in FIG. 1; however, in
FIG. 15 unlike FIG. 2, the side surface of the microcavity 305
includes a reverse taper structure, and an insulating layer 187
for preventing a short is additionally formed on the pixel
electrode 192. The insulating layer 187 for preventing the
short is an insulating layer configured to remove a problem of
the common electrode 270 being short-circuited while con-
tacting the pixel electrode 192 when the microcavity 305 is
not supported. It is noted, however, that the insulating layer
187 for preventing the short may be omitted.

According to exemplary embodiments, the microcavity
305 including the side surface being reversely tapered may
also be generated when the sacrificial layer is formed using an
inorganic material or a metal, as well as when the sacrificial
layer 300 includes amorphous carbon.

In exemplary embodiments, the sacrificial layer 300 may
be formed from an inorganic material. It is noted that such a
sacrificial layer 300 may be similarly formed as the sacrificial
layer including amorphous carbon as described in association
with FIG. 14.

FIGS. 16 A-16D illustrate a process of forming a sacrificial
layer including a metal and removing the sacrificial layer to
form a microcavity, according to exemplary embodiments.
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As seen in FIG. 16 A, after forming an underlying structure
including the pixel electrode 192, a material 300-1' is depos-
ited at least on a portion of the underlying structure corre-
sponding to where the microcavity 305 is to be formed. It is
noted that the metal may be a single metal material or may be
an alloy material.

Referring to FIG. 16B, the material 300-1' is etched to form
a pattern corresponding to the sacrificial layer 300-1. When
etching the material 300-1', a photoresist pattern is formed on
the material 300-1' and the material 300-1' is wet-etched or
dry-etched utilizing the photoresist pattern as a mask. In this
manner, the sacrificial layer 300-1 including the metal is
formed.

According to exemplary embodiments, a common elec-
trode 270 is formed on the sacrificial layer 300-1, and then a
lower insulating layer 350, a roof layer 360, and an upper
insulating layer 370 are deposited on the common electrode
270. As seen in FIG. 16C, only the lower insulating layer 350
is shown, and the other overlying layers are omitted.

In exemplary embodiments, an injection hole 307 is
formed to expose a portion of the sacrificial layer 300-1. As
such, the sacrificial layer 300-1 is removed to form a micro-
cavity 305, as seen in FIG. 16D. It is noted that the sacrificial
layer 300-1 may be removed by wet etching the sacrificial
layer 300-1.

As previously mentioned, when an organic material is uti-
lized to form the sacrificial layer, the organic material is
typically formed utilizing a baking process, such that a char-
acteristic of the other surrounding layers may be undesirably
affected (or otherwise changed) due to, for example, heat
associated with the baking process. It is also noted that when
applying a plasma deposition process, the sacrificial layer
made of an organic material may not be entirely wet-etched,
such that at least some of the sacrificial layer may remain.

According to exemplary embodiments, however, forma-
tion of the sacrificial layer 300-1 including metal does not
undesirably affect (or otherwise change) the characteristics of
the other surrounding layers, and the sacrificial layer 300-1
may be entirely removed via the wet etching process, such
that a side surface thereof may be sharply formed.

It is noted that the side surface of the sacrificial layer 300-1
including the metal may include the reverse taper structure,
such as illustrated in FIG. 15.

According to exemplary embodiments, the metal may be
formed via a process at a temperature of more than 300
degrees. At this temperature, however, the characteristics of
the other surrounding layers are not undesirably affected, but
an electro-chemical reaction is possible, such that the sacri-
ficial layer 300 may be removed via an etchant without limi-
tation, which is different from removable of a sacrificial layer
removed when formed including an organic material.

Itis noted, however, that since the above-noted etchant may
etch other surrounding layers, care should be exercised.

According to exemplary embodiments, the common elec-
trode 270 or the pixel electrode 192 may include poly-crys-
talline ITO among other transparent conductive materials.
Poly-crystalline ITO typically exhibits a large selectivity for
a metal etchant, such that it is not etched together when
removing the sacrificial layer 300 including the metal. Also,
poly-crystalline ITO is typically etched using aqua regia
(HNO3+HCI) due to a structural characteristic of the poly-
crystalline ITO. In this manner, chemical resistance may be
suddenly increased after annealing to increase crystallization.

Further, according to exemplary embodiments, the sacrifi-
cial layer 300-1 including the metal may be formed using an
electroless plating process. Electroless plating typically
enables fast layer formation, and the sacrificial layer 300-1
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may be formed of a metal, such as copper (Cu), nickel (Ni),
aluminum (Al), chromium (Cr), etc.

Moreover, according to exemplary embodiments, the com-
mon electrode 270 or the pixel electrode 192 may include
amorphous ITO or amorphous 170, and galvanic corrosion
may result when the metal (or the etchant utilized to remove
the metal) is used as the sacrificial layer 300-1. As such, it is
noted that care should be exercise to determine materials of
the sacrificial layer, the pixel electrode, and the common
electrode to prevent galvanic corrosion, which is described in
more detail in association with FIGS. 17-20.

FIGS. 17-20 respectively illustrate relations between a
transparent electrode and a metal sacrificial layer, according
to exemplary embodiments.

The table of FIG. 17 provides corrosion existence with
reference to a standard electrode potential of a metal material
utilized to form the sacrificial layer 300-1 and a metal for a
transparent electrode (e.g., acommon electrode 270 or a pixel
electrode 192). As seen in FIG. 17, a horizontal direction is
associated with the metal material for the sacrificial layer
300-1 and the vertical direction is associated with the material
for the transparent electrode.

In the table of FIG. 17, the metal material for the sacrificial
layer 300-1 is nickel (Ni), molybdenum (Mo), aluminum
(Al), copper (Cu), or chromium (Cr), and the material for the
transparent electrode is indium (In), zinc (Zn), or tin (Sn) used
in, for example, ITO, 1ZO, etc.

The table of FIG. 17 includes the standard electrode poten-
tials of each metal. A metal including the lower standard
electrode potential among the two metals of the metal utilize
to form the sacrificial layer and the material utilized to form
the transparent electrode functions as an anode and may be
corroded. In this manner, the corrosion may be accelerated
according to the difference in the standard electrode poten-
tials.

As shown in FIG. 17, nickel, molybdenum, and aluminum
may corrode the amorphous I'TO or the amorphous IZO that is
contacted when etching. Therefore, in FIG. 17, it may be
confirmed that chromium and copper better materials from
which to form the sacrificial layer, and the usage of nickel,
molybdenum, and aluminum is limited.

Inthetable of FIG. 17, a portion where the material utilized
to form the sacrificial layer and the material utilized to form
the transparent electrode cross describes the material (the
anode) including the lower standard electrode potential.
When a material acting as the anode is the material utilized to
form the sacrificial layer, only the material utilized to form the
sacrificial layer may be etched and the material for the trans-
parent electrode remains, such that exemplary embodiments
may be realized without concern. However, when a material
functioning as the anode is the material utilized to form the
transparent electrode, the material utilized to form the trans-
parent electrode is also corroded in removing the material
utilized to form the sacrificial layer, such that it is not as easy
to realize exemplary embodiments disclosed herein.

According to exemplary embodiments, the material uti-
lized to form the transparent electrode does not generally
include one metal material, but includes a plurality of mate-
rials as an alloy type, such that the standard electrode poten-
tials of all materials included in the material utilized to form
the transparent electrode are lower than the standard electrode
potential of the material utilized to form the sacrificial layer.

FIG. 18 is a table showing a standard electrode level, and
FIG. 19 is a galvanic series showing a degree of galvanic
corrosion (e.g., heterogeneous metal corrosion).

FIG. 20 is a table to determine the potential of heteroge-
neous metal corrosion (e.g., galvanic corrosion) not forming
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after disposing the same metals in a transverse direction and
a longitudinal direction. As seen in FIG. 20, those conditions
indicated by an “X” may be used without considering hetero-
geneous metal corrosion.

While exemplary embodiments have been described, such
that the pixel electrode 192 is positioned under the liquid
crystal layer 3 or in the microcavity 305 and the common
electrode 270 is positioned on each of the liquid crystal layer
3 and the microcavity 305, it is also contemplated that the
common electrode 270 may be positioned under the liquid
crystal layer 3 or in the microcavity 305.

While certain exemplary embodiments and implementa-
tions have been described herein, other embodiments and
modifications will be apparent from this description. Accord-
ingly, the invention is not limited to such embodiments, but
rather to the broader scope of the presented claims and vari-
ous obvious modifications and equivalent arrangements.

What is claimed is:

1. A method, comprising:

forming, on a substrate of a display device, a sacrificial

layer comprising a material, the material comprising at
least one of amorphous carbon, a metal, and an inorganic
material;

forming an electrode covering the sacrificial layer;

forming a lower insulating layer covering the electrode;

forming, after forming the lower insulating layer, a layer
covering the sacrificial layer;

forming an injection hole exposing the sacrificial layer;

removing, via the injection hole, the sacrificial layer to

form a microcavity;

disposing liquid crystal in the microcavity; and

forming, after forming the layer covering the sacrificial

layer, an upper insulating layer covering both the layer
covering the sacrificial layer and an exposed portion of
the lower insulating layer formed in the region associ-
ated with the injection hole,

wherein the layer covering the sacrificial layer is disposed

outside a region associated with the injection hole.

2. The method of claim 1, wherein, when the sacrificial
layer is the amorphous carbon or the inorganic material,
removing the sacrificial layer comprises:

dry etching the sacrificial layer.

3. The method of claim 1, wherein, when the sacrificial
layer is the metal, removing the sacrificial layer comprises:

wet etching the sacrificial layer.
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4. The method of claim 3, further comprising:

forming another electrode, the electrode or the another
electrode comprising a transparent conductive material,

wherein the another electrode is disposed between the sac-
rificial layer and the substrate.

5. The method of claim 4, wherein, when the sacrificial
layer comprises the metal, forming the electrode or the
another electrode comprises:

forming the electrode or the another electrode less thick

than the sacrificial layer.

6. The method of claim 5, wherein the transparent conduc-
tive material comprises polycrystalline indium tin oxide
dITO).

7. The method of claim 5, wherein the metal comprises
copper or chromium.

8. The method of claim 3, wherein forming the sacrificial
layer comprises:

depositing the metal on an underlying surface;

forming, on the metal, a photoresist pattern; and

patterning, using the photoresist pattern as a mask, the

metal via at least one dry etching process or at least one
wet etching process.

9. The method of claim 3, wherein the sacrificial layer is
formed via at least one electroless plating process.

10. The method of claim 1, wherein a side surface of the
microcavity comprises an angle of 80° to 100° with respect to
the substrate.

11. The method of claim 1, wherein:

the display device comprises at least one data line; and

a longitudinal axis of the sacrificial layer extends substan-

tially parallel to the at least one data line.

12. The method of claim 1, wherein forming the injection
hole comprises:

patterning the electrode, the lower insulating layer, and the

upper insulating layer.

13. A method comprising:

forming a sacrificial layer on a substrate of a display

device;

forming an electrode on the sacrificial layer;

forming a layer on the electrode and covering the sacrificial

layer;

forming, through the electrode, an injection hole exposing

the sacrificial layer, the layer being formed before the
injection hole;

removing, via the injection hole, the sacrificial layer to

form a void; and

disposing liquid crystal in the void.
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